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I 
摘 要 
全球卫星定位导航系统（GNSS）经过五十多年的发展，已然成为当今社会
一项不可或缺的高端技术，为各种军事活动与日常生活提供位置信息与精密授时
的服务。然而，高楼林立的城市环境会引起严重的信号多径效应，进而使得导航
接收机的定位与授时精度大幅降低。 
本文研究了适用于都市环境的GNSS多径模型，提出了一种基于数据后处理
的接收机自主完好性监测（RAIM）方法，以实现对导航多径信号的抑制。本文
的主要内容有以下三个方面： 
首先，本文提出了一种适用于都市环境下改进的GNSS多径正演模型。本模
型从最基本的直射和反射信号入手，定义了干涉信号和误差信号，充分考虑了导
航信号的极化方式、传播途径、天线响应、反射距离、反射物材质以及表面粗糙
度等因素，并得到了在不同接收信号仰角下，多径效应对信噪比、载波相位、编
码伪距的影响。进一步，本文采集了大量的实测多径观测数据校验了此模型仿真
结果，对模型拟合性能进行了分析。 
其次，本文基于部分可见星定位结果，提出了一种能够检测多个粗差观测量
的接收机自主完好性监测算法。该算法通过选取部分可见卫星观测值的组合，以
此进行最小二乘的粗略定位，并用此定位结果作为接收机先验位置来计算伪距残
差，构建RAIM检测统计量。为了保证粗略的最小二乘定位结果精度，以满足后
续RAIM方法对伪距残差检测统计量的构造要求，本文还提出了一种鲁棒性的最
小平方中值法来对此先验位置进行精度估计，并从理论上推导与分析了相应的门
限值。本文随后利用仿真与实测数据，将所提出的方法与传统最小二乘伪距残差
检测法进行了性能对比。测试实验结果表明，在复杂环境下，本文所提出的基于
部分可见星的RAIM方法对故障卫星的漏排除率比传统最小二乘伪距残差检测
方法更低（实验中降低了7.77%），对应的定位精度也有显著改善。 
最后，本文进一步改进了所提出的基于部分可见星的RAIM方法，以使其实
现对多径信号的抑制。为了提高先验位置精度，改进后的方法引入了串行更新的
扩展卡尔曼滤波算法，重新推导相关检测阈值，使得先验位置精度能满足RAIM
方法后续对多径所引起的伪距偏差的检验要求。随后，利用所提出的基于都市环
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境的GNSS多径模型的仿真数据以及相关实测数据，本文对改进的RAIM方法进
行了校验与分析。实验结果表明，改进后的RAIM方法比基于部分可见星的RAIM
方法对多径的检测更有效（实验中多径检测率提升了40.76%）。 
 
关键字：GNSS 多径建模；都市环境；接收机自主完好性监测；部分可见卫星；
多径抑制
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Abstract 
After fifty years of research and development, GNSS (Global Navigation 
Satellite System) has become an indispensable top technology in today's society to 
provide accurate location information and function of timing for a variety of military 
tasks and life services. Especially in urban life, large number of service applications is 
becoming more dependent on precise positioning and timing information. But because 
of the satellite navigation systems is high environmental relevance, when in the urban 
environment, especially in the urban canyons of skyscrapers, navigation signal will 
have a serious multipath effects, so that the positioning and timing accuracy of the 
navigation receiver will be declined significantly. 
Based on this background, the paper studies the GNSS model based on the urban 
environment, and proposes a new RAIM (receiver autonomous integrity monitoring) 
method to realize multipath suppression of navigation signal. Specific work is divided 
into the following three parts: 
First, this paper proposes an improved urban environment based GNSS 
multi-path forward model. This model starts at the basic direct and reflected signal 
and defined the interference signal and the error signal, giving the full consideration 
to the polarization of navigation signals, transmission, antenna response, reflected 
distance, surface roughness, reflector material and so on. The proposed GNSS 
multipath model is to study the multipath effect on signal-to-noise ratio (SNR), carrier 
phase deviation, and pseudo distance deviation under different elevation. Finally, we 
collected a large amount of measured data to verify and analyze this model simulation 
results. 
Second, a robust receiver autonomous integrity monitoring method is proposed. 
The proposed method used least squares algorithm to calculate a coarse position by a 
combination of proportion of visible satellites, and produrce pseudo-range residual 
based on the coarse position. Meanwhile, in order to make sure the accuracy of coarse 
position can meet the demand of fault detection, a robust least median square 
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approach is proposed to evaluate the the coarse position accuracy. In addition, the 
fault detection threshold is theoretically derived in this paper. Finally, the testing 
result of the algorithm shows that it can provide a better performance (probability of 
miss detection reduced 7.77% in test) compared with traditional method. 
Third, this paper improved the proposed RAIM method, introduced the serial 
extended Kalman filter algorithm to further optimize priori position, so that the priori 
position can meet the subsequent multipath error detection. Finally, using the 
simulation of the proposed urban environment based GNSS multi-path forward model 
as well as the measured data to check and analyze the improved RAIM method. The 
performance of the improved algorithm shows that it can provide a considerable 
higher probability of fault detection (40.76% in simulation). 
 
Key Words: GNSS multi-path forward model; urban environment; receiver 
autonomous integrity monitoring; proportion of visible satellites; Anti-multipath
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